THE RELATIVE COSTS OF
FORMAL AND ON-THE-JOB TRAINING FOR NAVY
ENLISTED OCCUPATIONS

Rodney Weiher
Stanley A. Horowitz

DUC

.
.

]

JAN 14 oy
Professional Paper No. 83

November 1971 gy A ,.,»*"

-

e :)Ve-d 10! p“hul ;

\ Bet ;:;:;xlbuﬁ@ﬂ Uﬂm‘:‘;.o‘-"'
[ uced by .’,__...-——--"“—" '

NATIONAL TECHNICAL
INFORMATION SERVICE

Springfiald, Vs. 22151

CENTER FOR NAVAL ANALYSES

1401 Wilson Boulevard
Arlington, Virginia 22209

Gty “;w

ABORL Y g

Y SR

e,




THE RELATIVE COSTS OF
FORMAL AND ON-THE-JOB TRAINING FOR NAVY
ENLISTED OCCUPATIONS*

By

Rodney Weiher
Staniey A. Horowitz

*We would like to thank Judith Blaine, David Trouct and Ralph
Halford for their assistance in programming and data collection.
Chief John H. Young (USN) and Robert Lehto (BuPers) provided
invaluable advice, criticism, and assistance at every stage of the
study. Eleanor Mounan provided excellent secretarial services
throughout the study.

PRS-

e e




Y FAUT ] PR T ’*WW" TR

The ideas uxprassad in this papar are those of the authors.
The paper rioas not necessarily rgpresent the views of aither
the Cente: for Naval Analyses, the United States Navy or any
other sponsoring agency. It his been reproduced by CNA as a
courtery to the authors, under the CNA Professional
Development Program.




THE RELATIVE COSTS OF

FORMAL AND ON-THE-JOB TRAINING FOR NAVY
ENLISTED OCCUPATIONS

Rodney Weiher
Stanley A. Horowitz

I. Introduciion and Objectives

'Naby enlisted personnel of pay grades E-4 and above all fall ;

into one of aboutfsixty occupational groups, > ratings. The rating
structure covéps fields from steward and boatswain'!s mate, through
yoeman to machiniétfs mate and electroniecs techniciar. In order to
be promoteB to Evd,'or third class, in any rating, a man must undergo
specialized ocgupational training to enable him to pass a written
examinaticn in the skills that he must master to perform acceptably

in the rating for which he is striking.

The Navy prgvides this specialigzed training in two ways. About
sixty percent of all enlisted men ere sent to formal schcols--A-school -~
for introducory training in their rating. The length of A-school varies
from six to thirﬁy«geven weeks, depending on the ratang. After finishing
school, the men<ané generally sent to the fleet for a period of on-the-job
training (OJT) before taking their third class exam.* Those not sent to
Afschool go ﬁipectly,to fleet activities where, generally after a period
of working ¢n the dégk force, or in other generalized occupational groups,

they choose a rating in which they want to specialize and learn the skills

involved entirely oﬁ;the job. For some ratings A-school attendance is
? mandatory for prowotici to third class, while others have no A-schcol. The
vast majority, hbwaver@,haVe\men who have res-hed E~4 by both the A-school

] route and via OJT exclusiéely.

¥In some ratings'where A~school is especially long and is followed by a
class C-schogl, the graduates are automatically advanced to E-4. In
addition, certain honi> graduates of some A-school courses are automatically
advanced, ’




“The purpose of this study is to determine, in as many ratings

as possible:

1. which major skills can be learned on the job;

2. the time-pathc of skill acquisition--thé  learring
cunvesyifor non-A-school grads and for A-school grads:
This goes one step further than merely determining if
a skill can be learned on the job;

3. the relative costs of training third-glgss petty
officers via formal training a;d ;&éﬂl Thi§ mSkes‘\
it possible to examine whether skills should be taught
on the job, once it is known that they can be taught

on the job.

The problem was approached by asking the opinions of over 1900
senior enlisted men--m2n responsible for on-the-job training--about
the training process of A-school graduates and non-A-schecol graduates.
From their opinions, embodied in the responses to a carefully designed
questionnaire, it was possible to get their estimates of the cost of

on-the-job training.

TI, The Qutput of Training

To compare the cost c¢f training an A-school grad with
that of training a man who did not attend A-school, it is vital to look
at the costs of getting the two men to an equal skill level. That point
has been taken to be when the men are, in the opinion of their super-
visors, qualified to take the third class exam, on the basis of their

on-the-job performance, *

*BuPers requires that a man demonstrate his mastery of the skill
before bei. allowed to take the 3rd class exam. There is, however, a
question of the degree to which this requirement is adhered to at the
activity level. The questionnaire implicitly accounts for "Practical
Factors" by refering to the point where a man is professionally qualified
to take the exam, irrespective of whether he may receive per: ission before
he is qualified.
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The third-class exam is administered Navy-wide on a4 semi-annual basis.
This exam is the first one that tests the man's technical achievement in
j the rating and is taken by both A-school graduates and on-the-job trainees.
It therefore provides a unique opportunity to measure the output of the two
: training paths.

Certain objections could be raised to using the test as a measure of

output. Test scores measure the verbal mastery of the subject and may not
measure whether the man has mastered the skill in the work environment.

They may be biased in favor of "test takers" who probably are over represented
in A-schools, Similarly, these test may not measure the Navy's “desired"
stock or level of technical skill, since in most cases a third class con-

tinues to train on the job. However, the Navy c¢bviously values this test.

since it only promotes men who have passed them. This analysis will
not be concerned with the validation of the test via job performance measures.

It assumes that the Navy knows what it wants out of its third-class petty

officers and how to test for it.

However, just becausé a supervisor thinks a man is qualifed for promo-

tion does not necessarily mean that he can pass the third-class exam. There-
fore, the output of the training paths has been measured as actually passing the
exam,” To do this, the probability of passing the exam has been accounted

for when evaluating the A-school and non-A-school training paths. ¥*

IIX. The Costs of Training
) The expense borne by the Navy in training mer to be E~4's may be
broken down into several categories.
A. School Costs
Men who attend formal schools entail costs which all OJT trainees
avoid. These costs include the cost of operating the schools and the

salaries of the trainees while they are in attendance.

"Phis study used only that portion of the exam that tests technical
knowledgqe of the ratina.
t ""Those men who are automatically promoted without taking the test were
| excluded from this analysis since thay do not appear on the Navy-wide exam
: results. This exclusion is not serious if the cost of post-school OJT for
these men are similar co the regular A school grads.

-3 -




B. Student Time During OJT

Of course, the salaries and benefits of men (AR-school grads

or not) underoing OJT is also a cost of the training process.
C. OJT Productivity

Curing the period of QJT, trainees do produce useful output.

The value of this output must be deducted from the cost of training.
D. Supervisor Costs

An important component of the cost of training a man on the
job is the work that must be foregone by the men training him. Thﬁs,
if an E-3 takes more senior men in his work area away from their ncrmal
work to teach him the skill, he is costing the Navy the value of that

undone work.

These supervision costs are exzeedingly difficult tcuouahtifv*
No study, either in the military or in the civilian ecs ncwy, hav suc-7
cessfully estimated them. There is no a priori way to guess rhem. It:
is poscible that the trainee, acting as a helper, increasos ths oo~

ductivity of his instructors. On che other hand, he may recu;re s much

help, and slow things down so drastically, as to cost thr Vauy tht ou**_f?;,g,ff%

put of a whole man, or even move,

It will be shown that the estimates of supervisor cést ths; wers
used to evaluate the two training paths crucially affects the conclu-

sions ore can draw regarding A-school versus OJT training cosfs.*

FThe cost of any material breakage during traininy has nor been included
in this study because of the obvious difficulty of estimnting it.




IV. The Study

Most of the data used in this study was gathered via the ques-
tionnaire presented in figure 1. The questionnaires were group admin-
istered to senior petty officers at Norfolk and San Diego. The sample
included men assigned to CYA's, LPH's, SS's, DLG's, AD/AR's, VA/VF

squadrons, Naval stations and Naval air stations.

Basically, the men were asked, for their particular rating, to
estimate how long it took the average trainee to reach the third-class
level, the productivity profile of the two groups of trainees, and the
amount of instruction time spent by senior personnel during the training

pericd.

The rest of this section explains how the questionnaire data,

‘jand other information, was used to calculate the various costs cited

above.

A. School costs were taken from James N. Clary's volume, Training

. Tiwe <nd Costs for Navy Ratiggs and NEC's. (July 1970) These rumbers
?’includé student p.y and allowances (according to the NAVOOMPT cost rables)

as well as allowaﬁces for such items as accrued leave time.*

B. EDstimates of student costs &uring OJT were inferred from

‘"yart 2 of the questionnaire. The time the respondants said it took

| fbr a student to become qualified to take the third-class exam was

multiplied by a pay and allowince figure for E-3'a. ™

*These costs do not include interest and depreciation costs of buildings

.and expensive treining equipment used in the various A-schcol:. This leads

to a downward bias in the estimates of training costs for A-school graduates,
although the magnitude of this bias is not k .
**The psy figures used in this study come from NAVOOMPT personnel cost

tables. (FY 1969) Billet cost figures were also used but the results
did not change.

-S-




AR |

CNA USE
ONLY

1
TT33%
I.D'

7-8
10-12

14-16

18-20

Fig. 1

ON-THE-JOB TPAINING QLT TIONHATRL

The following questions are concorned with the on-the-job
training that a man receives in his rating or nccupational
specialty before he is normally qualificd to take the Navy-wide
3rd class exam for advancement in rating. ‘The questiuns refer
only to the man's technical nr profecsional skiil in the ratirg,
not to the other factors tha: may determine whether he is
advanced, such as minimum time in rate, awards, military, etc.

Information is requested on two separate groups of men
striking for 3rd class in the rating. The [irst group are those
men who do not attend A-school, but instead receive their
occupationai training on-the-job and through correspondence
courses (non-i-schocl), The second group are those men whe
graduate from the A-school, but then spend sore time trainirg
cn-the-job before they are qualified t: rake the 3rd class exan
(A-schocl grads),

Gear your answars in terms of the bhest estimate of the

average Navy enlistad man -- not the accasional “ullare ~x rracher-

jack, but the wan o. avevaTre intelligence and mutivarion that you
usually encouni-er,

INFORMATION ON RESPUNDENT
A.  Your prating

B. Your pay grade

C. Rating vo vhich answars refer.  _ __ __  (This should be
the same as your rating. If vou avre espacially familier
with another rating, pleasa fill out ancther questionnaire.:

D. Type of ship on shich you are stationed. If you are at 2
shore station, Pl 188 enter SHO.

PART 1

on-the~job training in the reting is
Tequired to get a nomA-schonl ran qualified to take the

Srd class examination OWT Oidy Che time that the san
sctively strites and works in your rating, sxcluding sny
;xn that he sm&in the gereral deck, sngineering, etc.,
oree. - Wonths,

1.A How many months of
I

1.8 How msny sonths does it take sn A-school vho comes to
ﬁmm»mwm ’ teke the
rd class exan?  __ _ wonths,

1.C How many months does it take to get & non-A-3chOol gred up
to the professiona) skill levea of a fresh A-achool gred:
. s.

1.D How mumlg icient, relative to & newly prumoted
rd class petty m.mamhh{mhi_wﬁtd

to take the 3pd class exam?

-6-
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Fig ] (cont)
PART ?

In the graphis helow, you are asked tuo imdi.ate how rthe
job skill level of trainces changes at different perioxdy of
their on-the- job training when compared to an ixlividual vho
iz qualified to take the 3rd class exam. ‘'Mie vertical axis
extends to 100 percent, the point at which the traince is
rrofessionally qualified to take the 3rd clas: cxamination.
The horizontal axis is divided into onc-month intervals.

On the first graph, mark your sstimate of how the
professional skill of a m n~A-school man progresses during
training comparsd to a man qualified to take the ‘rd class
exam, starting at the tise that he strikes for and i1s working
in your rating. Indicate his progress in one-month intervals
with an X. The total time period you cover for this should
agree with your answer to 1.A above. Make sure you indicate
how professionally qualified the man is when he first starts
striking and working in yorr racing by marking the vertical
line for zero wonths.
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7 -~ Fig 1 {cont)
9 the next graph, MFi your oslimtie: of the chamge in

‘the prufessional skill of ah A«schessi sprast i vhoemth

intervals, starting with the TIMS Nt comae, Lo you {veth oun

of A~schos:i, again campared to & man s;u:nci,;ml to take tim

drg clans mmm The total time poriovd yiou cover for this

should agree with pour answer Lo 1,5 aleae,  Make supn you

mdxcatu ew profeseicnally quah“nt the ‘wan i when he fir:ng
*s o yot by marking t"w vertical flue {r zore mn@xs.
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FART X

This quest’ion ceals with the awount <4 1 ime that rated

caked 17 estimate that

ti.m of te workds t«m. that 13 Too7 ‘
g% Fave to rake time aws T

X 't'ﬁ 'fi?\'g o0 tea on-the-3o t‘r nees,

helr noFmas -
"Inwmr &nSwers, rIeasm - : o

a. do not include the amount oF orcinar', ﬂ.pervifim rvime 7
that i3 mxzessary in a g 2up-wnrk tituation, -such as -
plamning and cowjimtm t:he noruu work lrad, o ‘

b. duv not count as: teachir:g cime zhe ‘""nm that "at:ed T
-TRYsonnel spend simply working wich trainees if t:he;.r ’
wak outpnt is not decreased pecsuse of the tramee s
“ presance.

Tf mm are no tralinees in ymm cirrent area, answer the
Qquestions by refe.ﬂrzn.;: to typical werk &reas that you are familiar
witli. Your answet's zhould vaflect the average amount of 1ns€!’t.-:‘t10r
during the *rairmg pericd, not Jus:: the amount spent: in t‘:e ea.r’y

8. Wbat pevcentage of their tvime do the E-7's spend mstructna L4
- each non-A-school on-t:he—job trainee? % 3
9. What percemrage of their time do the E:7's spend instructmg 3
each A—school graduate on-the-gob trainee? . 4
10, How many E-é's dre nomlly in the wcrk srea? —_ 3
S|
11. that percontage of their time do t:he E-6's spend instructing
each rion-A-school on-the-;ob trelnee? - % ’
12. what percentage of their time do the E-6's spend instructing ' .
each A-school graduate on-the-job trainee? %
13. How many E-5's are normally in the work area? ——
14, hhixt parcentage of their time do the E-5's spend instructing .
each non-A-school on-the-job trainee? — % i
15. what percencage of theair time do the E-5's 'sband inséructing
each A-school graduats on-the-job trainee?
1S, How many t-4's are normally in the work area? - R
17. uwhat percentage of their time do the B-4's spend instructing
each nop-A-school on-the-job trainee?  __ __ %
18,

szages.

3. ..ow nﬁny S-Q's ssra normny in the wwork area? S 4
2. what percentage uf thefv time do the E-9's spend instyucting ]
. esch @«A—echool on-the- Job trainee? %
S N _khat percentage’ of “their ¥ime ds the E—S s apand lnst-x«m.cing

;w&ch k-3chool: gmdu.he ‘oh=t he-;ob trainee? ~ i . __ T

4. How mar:y E-8's are mrrally in the work avea? . _ . : 3

S. What vercentige of the:u:\ ‘time do the E~8's spend ins:rm.tzr:g 3

- each non-A-schocl o!uthe-;ob trainee? 3

6. 'What parcentage of thwir time do the E-8's spend :.ns"ruccing . E

each A-school graquate cn-the-:ob trainee? —_— %

7. i Howmny £-7's ave nomlly in the work araa?

o

what percertage of their time do the E-4's spend instruccing‘
each A-school ¢graduste on-the-job trainee? %

THANKS FOR VOUR HELP
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ga man.tb be able to take the test in part 2. For example, the respondant

eétimated’ﬁawvmuch time E~9's lose training OJTer's, both A-school and

' ;ﬁonéh?spthl, and the costs to the Navy of this time can be calculated.

E AT AR

" The same is true for E-8's, E-7's, etc. Therefore it was possible to

T Y DI

‘estimates. In particular, note that this analysis is concerned with marginal

C. The outpnt of 2 studeni (either an A-school grad or a non-grad)
during OJT was estimated by taking his average proficiency in each month
from the relevant graph in part 2 of the ques'cionnaire.* This was mul-
tiplied by an E-4's salary. This preduct was then deflated by multi-
plying by the answer to question 1D-~the man's proficiency relativg to
an E-4. This gives the dollar value of the man's output in thatvﬁonth.
Summing this value over all the months until the man is qualified te

take the exam is the estimate of the value of his output during the

training period.

"D. Supervisor cost was calculated by combining the responses in j 3

part 3 of the questionnaire with the time the respondant said it took

estiméte the value of time (output, productivity) lost because of the

need to provide on-the-job training to both A-school grads and non-A-

-school grads.

These individual components therefore provide estimates of the
cost of training mer from both»paths up to the ﬁoint where they are

ready to take the test. They ave coét estimates per test taker. The

final step is to convert this to the cost per test nasser.

*The questinnnaire asked the men to estimate the proficiency of the trainee oo
during the training period, which is defined as the period after the man ; 3
actively strikes and works in the raving. For non-A-school grads in par-

ticular this ignores the period of time that the man spends in rou-rated
occupations, sucli as the gereral deck, eungineering, or zirmen status. The
stuly ussumes that during thic pericd tne nan is not training for his rating
and that no training expenditures are made. Therefore, the useful output
that he produces during this time is not deducted from the training cost

changes in the A/OJT pipelines, If in fact, for example, all men were sent
to A-school, someone would have to replace the men who spend time in non-
rated work, cr A-schocl grads would have to work out of their rating.

«10~




E. Mental Ability.

In rnearly every rating, A-school grads pass che test at a dif-
ferent rate than non-i -school grads. The cost-per-taker could be divided
by the actual pass ratas to get cost-per-passer. This, however, would
not be completely valid. In general, men with higher basic battery
test scores are selected to go to A-school and therefore one would
expect a higher pass rate from A-school grads.* Therefore, regres-
sions were run of the third class test scores on the four scores in
the standard recruit test battery (GCT, ARI, MECH and CLER) for both
training paths in every rating. The regression coefficients for each
path made it possible tc predict the test score that a man who took the
exam in August, 1970 would have gotten if he had gcone through the otlar
training path. From this it was possible t¢ calculate how likely it
would have been that every man, in each rating, would have passed the
exam if he had taken the alternative path. That is, estimates were made
¢of how many men in a rating wovld have passed if they had all gone to
A~-school, and how many would have passed if none of them had gone to
A-school. This corrects each pass rate for the differences in mental
ability.

Dividing these pass rates into the previously estimated cost per
test-taker yields an estimate of the cost per test-passer for both paths

for men of equal intelligence.
V. Results

Table I is of a list of all the enlisted ratings in the Navy. It
provides a gl¢sczary for the later discussion. Table II shows the number

of ' en who passed the third-class exam via each path in August, 1970. The

¥Tt 1s possible that the A-schools "teach to the test," which would also
lead to higher pass rates for A-schcol grads. However, the third-class
tests are not prepared by the schools, but are made up from the same
manuals that are studied by both A and non-A-grads.

-11-




o T RN JIRE

T Te g T T L

information is displa,ed for all ratings in which A~school is not
mandatory and some in which it has recently been made mandatory. A
perusal of the table makes it obvious that virtually all Navy spe-

cialties can be learned on the job.

The figures following Table II reinforce this belief. They are
average learning curves for both A-school grads and non-A-school grads,
where the ratings have been aggregated into DOD occupational groups.
They come from the individual responses to the questionnaire. Table III

lists these major occupational groups and their constituent Navy ratings.

These learning curves indicate that the men who must perform on-the~-
job training feel that the necessary skills can be taught to a non-A-
school grad. As one would expect, the figures show that A-school grads

requir2 less OJT than their non-graduaté peers and that the men who

- have finished A-school are more productive during their OJT peraiod.

Notice that the senior enlisted men said that it takes longer to tra.n
technical ratings such as FT, AT, and MT on-the~job than it did to train
men in administrative and non-technical ratings such as YN, QM, and SH.

This is reasonable.

The basic results of the analysis are presented in Table iv, by
individual ratings. Table V presents summary data aggregated by DOD
group. Two primary findings of interest were made. First, except for
builder, training costs excluding supervisor costs (school costs plus

student pay and allowances minus student OJT output) are always lower

-12-
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for non-A-school grads than they are for A-school grads. This simply

means that If one believes that there are no instruction costs to
on~-the~job training, only buiiders should be sent to A-school.® This
is illustrated in Table VI, where ratings are ranked in order of
increasing A~school non-sﬁpervisor cost relative to non~A supervision

cost.

Second, except for stewards and torpedomen, total training cost per
passer--including the estimates of supervision costs made by the men who
supervise--is always lower for A-school grads. This implies that
virtually everyone should go to A-school--precisely the opposite of
the first finding. Table VII illustrates this by ranking ratings in
order of increasing total cost of the A-school path relative to total

cost of the non-A-school path.

This reversal is simply because the estimates of supervision costs
are such a large fraction of total training cost. In fact, some respondants
implied that more than -four superviscrs were required to train one man.
Therefore, all estimates of supervisor time which claimed that each
trainee man-day required more than three supervisor man-days were
eliminated from these cost calculations. §8till, the respondants are
knowledgeable in their fields and know more about the actual process
of Navy on-the-job training than the authors dg. These results reveal
the importance of on-the-job supervision and instruction costs,in spite

of the difficulty of estimating them.

¥The results for builders should not be interpreted strongly since
the sample was ver: -mall.

-13-
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The analysis revealed a number of other things. Ratings which
have low ratios cof A-school supervisor cost to non-A-school supervisor
cost need not have low ratios of A-school total cost to non-A-school
total costs. This is because ratings which are expensive to teach
on~-the-job are likely to have expensive A-schools. Table VIII illus-
trates this. Thus, highly technical ratings--such as FT, ST, and AT
are not necessarily among the ratings for which formal school is most

beneficial because their school courses are quite expensive.

Having estimated the cost or training men via each of the two

existing paths, the cost of training was divided by the number of fully

productive months that the Navy could get from its trained personnel.
This provides an estimate of training costs per productive month for
A and non-A graduates.* The fully productive period was taken to be
the remaining portion of a four-year enlistment after thé training

period, including recruit training.

The learning-curve estimates were used to approximate the length
of the OJT period. Of course, the lengths of recruit training and of

A-school training are known.

*The estimates of potential number of months of fully productive labor
in this paper are greater than thie actual number of months. This is
because the Navy initially assigns men to unskilled tasks when they
report to fleet activities, especially if they have not been to A-
school. This assignment procedure indicates that the Navy feels that
getting six months of "deck-forc~" type duty from these men is more
valuable than having them for six extra months as trained rated
perconnel. Presumably this would be just as true for A-school grads
as it is for non-grads. Therefore it would not be fair to consider the
extra time non-grads actually spend in this general type duty as
shortening their productive period.

-14-
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The results of this calculation are shown in Table X. Notice
that if supervisor costs are assumed to be zero, again, only builders
are cheaper to train in schocl. If the study's supervisor cost
estimites are accepted, only torpedomen and stewards are more expen-
sive to train in school. These are precisely the same resulus mencioned
above. Thus the calculation of cost per potential productive month

changes none of the earlier conclusions.

The relative training cost estimates in this study can be used
by Navy planners as a rough guide to which ratings benefit the most
from formal schooling. This is provided in Table VII, referred to
above. AE and AQ appear to be the ratings which save the most by
sending men to A-school. 8D, ™, DK and ST seem to be the best candi-
dates for school closings, if this should be necessary. Since this
guide is quite sensitive to the supervisor cost estimates, calculations
were made that show the fraction by which these costs could be wrong
without.making on-the-job training appear cheaper than A-school, for
each rating examined. This is shown in Table IX.

VI. Summary and Conclusions.

1. Virtnally all ratings can be learned on-the-job.
2. A-school graduates take less time to become proficient in the

skill than non-graduates and are more productive during the on-the-job

. training period.

-15-




3. Main results: Although the main results are far from con-
clusive, the findings have important implications for training policy.
First, if the estimates of total training costs are taken, formal schocling
appears more efficient for virtually all ratings. Stated another way,
if a major portion of the Navy's occupational training is to be shifted
to on-the-job training, it must be shown that supervision costs are
considerably lower than the estimates made here. This is possibie if
either the respondants over-estimated the time lost in training on-the-
job or if supervision time is worth less than the NAVCOMPT pay tables
say it is. If petty officers spend much of their time waiting for

contingencies, this waiting time is free to the Navy and it might as

well be filled with on-_he-job training.

Second, and equally as important, the results should not be taken §

as conclusive evidence that most ratings should have 10C percent A-school

i

training. If the estimates of supervisor costs are norrecc, $36 million

ok

per test cycle can be saved by sending all men to A»schoois. Even though

this is a <izeable saving, it is not recommended that &n all A-~school

poiicy be adopted, because if in fact supervisor costs are zbrq, such
a poliacy would be $13 million more expensive per test cycle than the
current policy. (See Table XI). | |

The study focused upon & large, but hard to‘itasurﬁ eiunent_of‘: |
training cost. On-the-job instruction and supervision costs are rerely o
accountad for in fhe same manner as, for example, instru;tors' salaisas
in the A-gschools. It is recommended that in th§ fu:u§e the Navy perform
a series of carefully deéigned time-and-mot lon studies to determine fthQN‘;
costs in any rating for which school expansion is contesplated.




TABLE I
NAVY ZNLISTED RATINGS
Abbreviation Rating
AB Aviation Boatswain's Mate
ABE Aviation Boatswain’'s Mate E (Launching and Recovery Equipment)
ABF Aviation Boatswain's Mate F (Fuels)
ABH Aviation Boatswain's Mate H (Aircraft Handiing)
AC Air Controlman
AD Aviation Machinist's Mate
ADJ Aviation Machinisc's Mate J (Jet Engine Mechanic)
ADR Aviation Machinist's Mate R (Reciprocating Engine Mechanic)
AE Aviation Electrician's Mate
AG Aerographer's Mate
AK Aviation Storekeeper
AM Aviation Structural Mechanic
AME lviation Structural Mechanic E (Safety Equipment)
AMH Avistion Structural Mechanic H (Hydraulics)
AMS Aviation Structural Mechanic £ (Structures)
AO Aviation Ordnanceman Basic
AQ Aviation Fire Control Technician
AS Aviation Swpport Equipment Technician
ASE Aviation Support Equipment Technician E (Electrical)
ASH Aviation Support Equipment Technician i (Hydraulics and Structures)
ASM Aviation Support Equipeent Technician M (Xechanical)
AT Aviation Electrenies Technician
AW Aviation Antisubmerina Warfar~ Operator
AX Aviation Antisubmarine Warfare Technician
AZ Aviastion Maintenance Administratiomman
BM Boatstain's Mate
BT Boilerman
BU Builder . .
CE Construction Electrician
™ Construction Nechanie
s Cosmissaryman |
T Cosmuniicacions Technician
CYS  Communications Yooman
e Damage Controlman
X Disbursing Clark
¢ Illustpator Draftsman

- 17\-
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Abbreviation

DP
DS
DT
EA
EM
EN
EO
ESK
ET
ETN
ETR
EW
FT
FTB
FIG

*

SSRESFSEETERSE

TABLE 1
(cont.)

NAVY ENLISTED RATINGS

Rating

Data Processing Technician

Data Systems Technician

Dental Technician

Engineering Aid

Electrician's Mate

Engineman

Equipment Operator

Telecomm Censorship Technician

Electronics Technician

Electronics Technician N (Com..nications)

Electronics Technician R (Radar)

Electronice Warfare Techniaoian

Fire Contrul Technician

Fire Control Technician B (Rallistic Missile Fire Control)
Fire Control Tecnnician 5 (Gunfire Control)

Fire Control Technician M {Swrface Missile Fire Control)
Gunner's Mate

Gunner's Mate G (Guns)

Gunner's Mate M (Missiles)

- Gunner's Mate T (Technician)

Hospital Corpsman

Interior Comm. cations Electrician
Instrumentman ’ ’
Journalisc

Lithographer

Molder

Machinist's Mate

Mineman

Machinery Repairman
Missile Technician
Musician

Opticalman

Ccean Systems Technician
Postal Clerk




Abbreviation

PH
PM
PN
PR
rT
S
RD
RM
8D
SF
SHL
SHR
SHS
SHT

SK
SM
ST
STu

STS

TABLE I
(=ont.)
NAVY ENLISTED RATINGS

Rating

Photographer's Mate
Patterrmaker

Personnelman

Airscrew Survival Equipmentman
Photographic Intelligenceman
Quartermaster

Radarman

Radioman

Steward

Shipfitter

Ship's Serviceman (Barber)
Ship's Serviceman (Laundry)
$hip's ¢orviceman (Cobblar)
Ship's Serviceman (Clerk) \
Ship's Serviceman (Tailor) ‘
Storek:eper |
SignaLnan

Sonar Technician

Sonar Technician & (Sucface)

- Sonar Technician (Submarine)

Steelworker
Tradevman\l
Torpedbman!s Mate
Utilitiesman -
Yoeman =

-19
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TABLE II

SUMMARY OF AUGUST, 1970 THIRD CLASS EXA¥

Number of A-School
Passes

247
154
1075
635
77
112
709
535
183
131
696

Takers

253
179

1220

802
77
115
725
540
420
135
951
138
63
99
470
34
61
24
363

1001

186

a2l

- 20-

377
291
129

3

189

66
251
213

386
5
240
60
18
166
242
127
15
53
79
2

6
9
390
29
17
31
456
71
76
125
146
189
4
15
245
543
- 28
149
65
618
158
5
38
8
610
116

-A-§

Passss

1

Takers

475
8
425
250
21
228
375
158
38
7C

9.
656
126

i6e
90

114




TABLE II
(cont inued)

Number of A-School  Non-A-School

Passes ‘ rs.- . Passgan - Jakers
296 L 2271 - m
607 61 187 . . 212

o/

_ 2160 32z - 259 812

- 186 D 293 <t 216 .
32 34 ' 433 529
48~ a6 g0l 767
196 . 196 - % - . 130
82 - 185 ; 89 %9

6 11 \ : 13 _ 19

113 115 26

e o it am e e e e ot

21 2 )
397 - . 404 822 - - 1058

ESEE’%S?&’%?@%%&'@&E

- 2i-

- 1238 1277 . 182 215

- B - DR
203 - 210 I - R
: e e 10

B,

)
R L AT,




oy
|

:

E i

TABLE III s

] CONSOLIDATION OF TWO DIGIT MILITARY SPECTALTIES s
EY DOD OCCUPATIONAL ARER | :

E OCCUPATIONAL AREA ‘ RATINGS

g 0., Infarntry Gun Crew and Seamanship Specialists, B, QM

1. Electionic Fquipment Repairmen o ' T, ™, FT, ™I, ET, DS,

. ; AV, AT, RAX, AQ, TD, OT, CIM, _
; 2. Communications and Inteliigence Specialists SM, RD, RM, AC, PT, AW, "
E_: CTI, ch, CTT, _‘
E 3. Medical and Dental Specialists HM, DT, ;
E 4, Other Technical and Allied Specialists M, MU, EA, AG, ™,
B 5. Administrative Specialists and Clerks YN, PN, DP, SK, IK, JO,

: R PC, Ax’ AZ, CTA, CTO’ :4

b - '—,VSI‘.C ' Eleétricai/uechanical Equipment Repairmen ot GM, PI, OM, #M, BT, EM,
= ‘ EQ, AF, AO, RAE, FR,
d .7, Craftman LI, MR, SF, DC, PM, ML, 5

. o Cu, CB, EO, Bu’ SW, UT, ) ! ‘

5 & Service and Supply Handlers - €S, SH, 8D,
B
|3
3 Lo
B

.22,
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Fig 3

LEARNING CURVE FOR DoD GROUP 1
ELECTRONIC EQUIPMENT REPATRMEN
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COMMUNICATIONS AND INTELLIGENCE SPECIALISTS
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Fig 5

LEARNING CURVE FOR DoD GROUP 4
OTHER TECHNICAL AND ALLIED SPECIALISTS
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LEARNING CURVE FOR DoD GROUP 5
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Fig 7

LEARNING CURVE FOR DoD GROUP 6
ELECTRICAL/MECHANICAL EQUIPMENT REPAIRMEN
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Fig 8
LEARNING CURVE FOR DoD GROUP 7
CRAFTMAN
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Rating A to non-A A-Costs

BY
P
e} ]
AE
AB
SK
cs
YN
AZ
PN
DK
AM
s
AD
e
A0
AR
EM
EN
MR
M

TABLE VI

TRAINING COSTS FOR NAVY RATINGS

EXCLUDING SUPERVISOR COSTS

Ratio of

.953
1.094
1.152
1,231
1.232
1.298
1,324
1.361
1.384
1.414
1.537
1,578
1.592
1,633
1,776
1.827
1.863
1,881
1.926
1,981
2.025
2,032
2,099
2,130
2,498
2.502
2.650
2,720
2,775
2.839
3.047
3.254
3.681
3.956
4,448
. 4,695
4,729
9,429

1

36~

2159

834 -

788
4395
1829
1432
1193
1386
1535
1444
1601
2040
1103
2138
1612
2282
2373
2279
2209
1985
2368
2000
6565
2229
2334
2020
3125
2285
5006
3135
3202
3354
1321
3535
3322
5837
6891
5201
5385

Non-A Costs

2265
763
6584

3570

1485

1102
301

1018

1103

1021

1107

1327
699

1343
987

1285

1299

1223

1174

1030

1195
987

3280

1014

1096

1169

1249
862

1841

1130

1128

1101
406
961
840

2211

1468

3214
677

e bt A AR o s 6
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- TABLE VII

TRAINING COSTS FOR NAVY RATTNGS

Ratio of

Rating A %o ncn-a

J0
AE
AQ
By
AB
Sk
m

AZ
Py
A0
AK
DP
MR
. SF

+ 286
314
342
.358
+386
+386
U435
J437
U475
475
«51h
521
+528
.532
. 539
548
+560
,569
+570
.578
581
.590
+623
1625
+862
672
682
+693
+700
+703
«7186
T4
JT42
874
.883
+883
.885
1,081
1.136

-37.

A~Cost

2884
9737
2u486
2663
7139
4619
3531
4638
7800
5812
5726
3480
6170
sS418
7450
7622
9417
8160
7376
11196
5898
3788
8688
7468
9572
7084
7425
7478
3721
3974

7824 .

3258
14444
9285
5102
10659
3988
9805
54697

INCLUDING SUPERVISOR COSTS

Non-a
Costs

10071
30984
71639

7436
18514
11354

8112
10622
16434
12244
11137

5675
11682
10191
13818
13908
16803
14336
12939
193585
10148

6425
13947
114951
14461
10546
10893
10795

5313

5654
10926
12500
19461
10621

5777
120867

4507

2185
46189
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RELATIVE SUPERVISOR COST AND THE
COST OF A~SCHOOL

A Supervisor Cost
Non-A Eupervisor Cost

Rating

BU
AQ
Jo
AE
ET
op
AT
Pl
SK
FT
b ¢
IC

QM
PN
EN
MM

BT
PC
RD
DK
TH
SM
SD

A L A o Y Gt Y

TABLE VIII

097
136
2162
195
206
239
. 267
+290
.29
.295
303
312
-312
322
.326
341
2374
.375
393
394
(403
409
T
(452
4SS
515
.519
«523
.531
. 537
.559
.598
599
.6“2
648
.702
.776
.788

1,070

-38-

Cost of

- A-School

1522
6776
1534
2993
65730
2099
6776
307%
1091
1619
111y
2772
1248
2102
1349
2074
1680
6176
1677
2807
2036
3174
1604
1585
1784
2018
83y
$29
1114
1787
ie86
1283
1828
630
2747
1228
3034
793
584

T e A b




TABLE IX

THE FRACTION BY WHICH SUPERVISOR COST ESTIMATES
COULD BE WRONG WITHOUT MAKING OJT APPEAR
BETTFER THAN A~SCHOOL

Total cost Supervisor
for Noa-A cost for
minus Non-A minus Permissable
total cost sup. cost over~
Rating for A for A estimate
Y ™ “740 1835 1.403 s
3 sT 1408 7115 .802 3
; | AT 5017 12643 .603 . 1
i RD 1336 3341 600 :
: ET 4889 16311 .526
3 DK 519 1012 487
& sM 675 1079 374
AS 5259 7742 321
1 RM 4483 6557 . 316
4 Ic 4250 6126 .306
2 87 3242 4665 .305
1 FT 7386 10552 . 300
| HM 3102 §340 .285
¥ DP 3195 4310 259
‘ Bl 3u61 4517 $234
1 El 3ues 4502 230
f ] 1592 2015 0210
Py 8634 10887 +207
AQ 47154 5¢1u1 «203
B0 8158 9910 177
| SF 4772 5785 175
% AK 5411 6485 168
: e 3316 3gui 159
. GM 6369 7541 <156
% MR 5511 6466 1Y
[ A0 6432 7430 <134
g AD 5563 6358 «128
b Jo 7187 8102 .113
b AN 6286 6999 102
3 I 4580 4ous 074
1 A2 5984 6410 .066
E cs 6176 6use J0u5
b SK 7334 7664 <043
H PC . 1880 1751 041
H QU 2637 27u4 «030
b AE 21237 22072 .037
2 AP 11376 11720 .029
J-17] 4774 4667 ~.023

8n 6537 ~315)3 1,073
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TABLE XI

THE COST PER TEST CY_u.E {6 MOS.) OF
ALTERNATIVE TRAIV.NG STRATEGIES
(millions of dollars)

Tt Supervisor If Supervisor Costs
Costs = 0 = Study Estimates
Current Strategy 52.4 230.6
All A-school 5.5 | 193.9
No A-school 26.4 | 383.7

-43-




List of CNA Professional Papers*

kP
Brown, George F. sid Lloyd, Richmond M.,
“Static Models of Bank Credit Expension,” 27 pp.,
23. Sep 1969, (Published in the Journal of Finan-
cia! and Quantiative Analysis, Jun 1971)
AD 703 925

PP2
Lando, Mordechai E., “The Sex-Differential in
Canadian Unemployment Deta,” 5 pp., 9 Jan 1970,
AD 699 512

PP3
Brown, George F.; Corcoran, Timothy M. and
Lloyd, Richmond M., “A Dynamic Inventory
Model with Delivery Lag and Repair,” 16 pp., |
Aug 1969, AD 699 513

P4
Kadane, Joseph B., “A Moment Problem for Order
Statistics,” 14 pp., 13 Jan 1970, (Published in the
Annals of Mathematical Statistics, Apr 1971)
AD 699 514

PPS
Kadane, Joseph B., “Optimal Whereabouts Search,”
28 pp., Oct 1969, (Published in the Journa! of the
Operations Research Society of America, Vol. XIX,
1971) AD 699 515

PP 6 — Classified

PP7

Friedheim, Robert L., “The Continental Shelf Issue
at the United Nations: A Quantitative Content
Analysis,” 25 pp., 7 Jan 1970, (To be published in
“Pacom in Maribus,” edited by Elaine H. Burnell
and Piers von Simson, Center for the Study of
Democratic Instructions) (See also PP 28)
AD 699 516

PPS
R.se, Marshall and White, Alex, “A Comparison of
the lmportance of Economic Versus Non-Economic
Factors Affecting the Residential tlousing Market
During the Two Decades Subsequent to World War
I.” 128 pp., 15 Jan 1970, AD 699 517

P9
Rose, Marsghail, “A Thesis Concerning the Existence
of Excess Capacity at Naval Shipyards Prior to the
Eacalation of Hostilities in Southeast Asia in
1964,” 67 po., 9 Jan 1970, AD 699 518

P? 10 — Classified

PP 1
O’Neill, David M., “The Effact of Discrimination
on Earnings: Evidence from Military Test Score
Results,” 19 pp., 3 Feb 197¢, (Published in the
Journal of Human Resources, Summer 1970)
AD 703 926

P12 :

Brown, George F. and Lioyd, Rickmond M.,
“Dynamic Models oi Bank Credit Expansion Under
Certainty,” 29 pp., 3 Feb 1970, AD 703 931

P13 :

Overholt, John L., “Analysis Data Inputs and
Sensitivity Tests in War Games,” 30 pp., Mar 1971,
AD 722 855

FP 14
Rose, Marshall, “Determination of the Optimal
Investment in End Products and Kepair Re-
sources,” 38 pp., 18 Feb 1970, (Published in the
Annual Meeting of the American Association of
Cost Engineers Proceedings, Jun 1971, Montreal,
Canada) AD 702 450

o s——
*CNA Professional Papers with an AD number may be obtained from the National Technical Information Service, U.S. Depurtment

of Commerce, Springfield, Virginia 22151, Other papers are available from the author at the Center ‘or Naval Analyses, 1401

Wilson Boulevard, Arlington, Virginia 22209.
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CNA Professional Papers — Cont'd.

PP 15
Rose, Marshall, *“Computing the Expected-End Pro-
duct Service Time Using Extreme Value Properties
of Sampling Distribution,” 29 pp., 18 Feb 1970,
(Published in Cperations Research, Mar-Apr 1971)
AD 702 451

PP 16
Rose, Marshell, “Study of Reparzble Item Re-
supply Activities,” 35 pp., 18 Feb 1970,
AD 702 452

PP 17
Brown, Lee (Lt., USN) and Rose, Marshall, “An
Incremental Production for the End-ltem Repair
Process,” 17 pp., 3 Mar 1970, (Published in Annual
Conference of the American Institute of Industrial
Engineers Transactions, May 1970, Clevc.and,
Ohio) AD 702 453

PP 18 .
Rose, Marshall, “Inventory and the Theory of the
Firm,” 14 pp., 18 Feb 1970, AD 702 454

PP 19
Rose, Marshall, “A Decomposed Network Com-
putation for End-Product Kepair Curves,” 24 pp.,
18 Feb 1970, AD 702 455

PP 20
Brown, George F.; Corcoran, Timothy M. and
Llvyd, Richmond M., “Inventory Models with a
Type of Dependeni Demand and Forecasting, with
an Application to Repair,” 4 pp., 10 Feb 1970,
(Published in Management Science: Theory Section,
Mar 1571) AD 702 456

Pe 21
Silverman, Lester P., “Resource Allocation in a
Sequential - Flow Process,” 21 pp., 5 Mar 1970,
AD 702 457

PP 22
Gorlin, Jacques, “Israeli Reprisal Policy and the
Limits of US. Influence,” 27 pp., 23 Mar 1970,
AD 703 534

PP 23
Rose, Marshail, “An Aircraft Rework Cost-Benefit
Model,” 13 pp., 12 Mar 1970, (Published in the
Sth Anrual DoD Cost Research Symposium Pro-
ceedings, Mar 1970) AD 702 514

PP 24

Lloyd, Richmond and Sutton, S. Scott, “An
Application of Network Analysis io the Deter-
mination of Minimum Cost Aircraft Pipeline
Factors,” 51 pp., 31 Mar 1970, (Presentad st
NATO Conference on Problems in the Organization
and Introduction of Large Logistic Suppert
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